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(54) [Title of the Invention] 

Manufacturing method of semiconductor device 

(57) [Abstract] 

[Object] The display of a stripe pattern due to dispersion in 
beam internal irradiation energy density of a laser beam is 
restrained in a forming process of an active matrix area using 
the laser beam of a linear shape. 

[Construction] In laser anneal with respect to a semiconductor 
thin film constituting an active matrix area 102 formed on a 
glass substrate 101 , a longitudinal direction of the laser beam 
103 of a linear shape with respect to a row or a column 
constituting the matrix is set to have a certain angle shown 
by A with respect to a thin film transistor group arranged in 
a matrix shape and shown by 104. in this state, the laser beam 
103 of the linear shape is scanned and irradiated in a direction 
shown by 109. Thus, it is possible to restrain the influence 
of dispersion on the irradiation energy density within the 
laser beam 103 from appearing in display. 

[Claims ] 

[Claim 1] A manufacturing method of a semiconductor 
device having an active matrix circuit arranged in a matrix 
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shape, characterized in that a laser beam of a linear shape 
having a longitudinal direction having an angle of 10° to 80° 
or -10° to -80° from a row or a column constituting the matrix 
is irradiated to a semiconductor thin film constituting the 
active matrix circuit while the laser beam is scanned. 

[Claim 2] A manufacturing method of a semiconductor 
device according to claim 1, wherein the laser beam is the beam 
of an excimer laser of a pulse oscillating type. 

[Claim 3] A manufacturing method of a semiconductor 
device having an active matrix circuit arranged in a matrix 
shape, characterized in that the manufacturing method 
comprises a process for irradiating a laser beam of a linear 
shape having a longitudinal direction having an angle of 10° 
to 80° or -10° to -80° from a row or a column constituting the 
matrix to a semiconductor thin film constituting the active 
matrix circuit while the laser beam is scanned; and 

said process is performed plural times by changing the 

angle. 

[Claim 4] A manufacturing method of a semiconductor 
device according to claim 1, wherein the laser beam is the beam 
of an excimer laser of a pulse oscillating type. 
[Detailed Description of the invention] 

[0001 ] 

[Technical Field to which the invention Belongs] 

The invention disclosed in this specification relates 
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to the manufacturing method of a display unit of an active 
matrix type using an irradiating process of a laser beam. The 
invention also relates to construction of the display unit of 
the active matrix type obtained in such a method. 
[0002] 

[Prior Art] In recent years, the liquid crystal display 
unit of an active matrix type using a thin film transistor 
(called TFT) is noticed. This liquid crystal display unit has 
a construction in which a thin film transistor is arranged in 
each pixel electrode arranged in a matrix shape and an electric 
charge entering the pixel electrode and emitted from the pixel 
electrode is controlled by the thin film transistor. 

[0003] The thin film transistor utilized in the liquid 
crystal display unit of the active matrix type is constructed 
by using a silicon thin film formed on a glass substrate and 
having a thickness from several hundred A to several thousand 
A . 

[0004] The main current of the silicon thin film uses 
an amorphous silicon film. However, it is effective to use 
a crystalline silicon film to obtain higher performance. 

[0005] When the crystalline silicon film is particularly 
used, the thin film transistor of a P-channel type is 
practically used so that a CMOS circuit can be constructed. 
It is very meaningful that an active matrix circuit and a 
peripheral driving circuit portion can be integrated on one 
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glass substrate by utilizing this CMOS circuit. 

{ 0006 ] No practical thin film transistor of the p-channel 
type can be obtained in the thin film transistor using the 
amorphous silicon film. (No characteristics of the thin film 
transistor of the P-channel type are too low to be practically 
used . ) 

[0007] There is a technique for first forming the 
amorphous silicon film by a plasma CVD method, etc., and 
crystallizing this amorphous silicon film by heating and 
irradiation of a laser beam as a manufacturing method of the 
crystalline silicon film. 

[0008] It is particularly meaningful that high 
crystalline property is obtained in the method using the 
irradiation of the laser beam. 

[0009] This method using the irradiation of the laser 
beam can be also utilized to activate a source/drain area in 
addition to the crystallization. Namely, this method can be 
also utilized in the activation performed after impurity ions 
are injected. 

[0010] These processes using the irradiation of the laser 
beam are very meaningful in that no substrate is almost 
thermally damaged. This is very useful when the glass 
substrate is used as a substrate. 

[0011 ] The beam of an excimer laser of a pulse oscillating 
type oscillating a wavelength in an ultraviolet area and using 



rare gas and halogen gas as a raw material gas is utilized as 
the laser beam in view of cost, stability and absorption 
property with respect to a semiconductor material 
(particularly silicon). 

[0012] However, a process using the laser beam has a 
problem in that an irradiating area of the laser beam is 
limited. 

[0013] A large-sized structure of the liquid crystal 
display unit of the active matrix type is advanced and there 
are many technical problems in the irradiation while the laser 
beam several cm square is scanned. 

[0014} A technique for coping with a large area is known 
as a method for solving this problem. In this technique, the 
laser beam is processed by an optical system in a linear shape 
of several mm in width and several ten cm in length, and it 
copes with the large area by irradiating the laser beam while 
this laser beam is scanned. (For example, Japanese Patent 
Laid-open No. 249592/1995.) 

[0015] The following problems are caused when an active 
matrix substrate of the liquid crystal display unit of the 
active matrix type is manufactured by using the above method 
using the laser beam of the linear shape. 

[0016] Namely, when a construction (one substrate 
constituting the liquid crystal display unit of the active 
matrix type) for arranging the thin film transistor of several 
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hundreds x several hundreds or more in a matrix shape on a face 
10 cm or more square is manufactured by a process utilizing 
the linear laser, irregularities of a stripe shape are observed 
in display. 

[0017] In this case, the laser process is utilized in 
crystallization of the crystalline silicon film in its 
manufacture and an activation process performed after a 
source/drain area is formed {after impurity ions are 
injected) . 

[0018] It is considered that the above stripe pattern 
is caused by the laser process. This is confirmed since an 
orientation of the stripe pattern is changed in accordance with 
a scanning direction of the laser beam of the linear shape. 

[0019] There are mainly two kinds in the above strip 
pattern. A first stripe pattern is a stripe in which an 
extending direction of the stripe conforms to a longitudinal 
direction of the laser beam of the linear shape. A second 
stripe pattern is a stripe pattern perpendicular to the above 
stripe. 

[0020] The first stripe pattern is formed by generating 
irregularities of crystallization and an anneal effect by 
irradiating the laser beam of the linear shape in a pulse 
oscillating form of the linear shape while this laser beam is 
scanned. Namely, the irradiation irregularities are caused 
by an overlapping degree of pulses, etc. 
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[0021] The second stripe pattern is formed by the 
irregularities of an irradiation energy density distribution 
in the longitudinal direction of the laser beam of the linear 
shape . 

[0022] The laser beam of the linear shape is obtained 
by greatly extending the laser beam several cm square 
oscillated from an oscillator to several ten cm (10 cm even 
at a minimum) in one direction by using an optical system, and 
compressing this laser beam into several mm in a direction 
perpendicular to this one direction. 

[0023] Accordingly, even when a beam internal energy 
density distribution of the laser beam oscillated from the 
laser oscillator is slightly fluctuated, this fluctuation is 
greatly amplified in the longitudinal direction of the linear 
shape and becomes distribution irregularities of the beam 
internal irradiation energy density. 

[0024] These distribution irregularities are 
substantially not removed even when precision of the optical 
system is improved. 
[ 0025] 

[Problems that the Invention is to Solved An object of 
the invention disclosed in this specification is to provide 
a technique for restraining the display of a stripe pattern 
generated when an active matrix circuit is formed by utilizing 
a laser process. 
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[0026] 

[Means for Solving the Problems] The invention disclosed 
in this specification is characterized in that the laser beam 
of a linear shape is located so as to have a predetermined angle 
except for 0° or 9 0° with respect to a direction set to a row 
or a column of an active matrix circuit, and a semiconductor 
thin film is crystallized and activated by scanning the laser 
beam in this state. 

[002 7 ] For example, as shown in Fig. 1, in laser anneal 
with respect to an area for forming the active matrix circuit 
102 on an active matrix substrate 101 , the laser beam is scanned 
such that no longitudinal direction of the laser beam 103 of 
the linear shape conforms to the matrix shown by (X n , YJ . In 
Fig. 1, reference numeral 104 designates an arranging position 
of a thin film transistor arranged in the matrix shape. 

[0028] Namely, the laser beam 103 of the linear shape 
is scanned and irradiated such that no angle shown by A is equal 
to 0" or 90°. Concretely, the angle shown by A is set to lie 
within a range of 10' to 80° or -10° to -80°. 

[0029] Thus, dispersion of the laser anneal in the 
direction along the matrix is averaged. Further, a stripe 
pattern formed in display can be set to be inconspicuous. 

[0030] One of inventions disclosed in this specification 
resides in a manufacturing method of a semiconductor device 
having an active matrix circuit arranged in a matrix shape, 
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characterized in that a laser beam of a linear shape having 
a longitudinal direction having an angle of 10" to 80° or -10° 
to -80° from a row or a column constituting the matrix is 
irradiated to a semiconductor thin film constituting the 
active matrix circuit while the laser beam is scanned. 

[0031] The construction of the other invention resides 
in a manufacturing method of a semiconductor device having an 
active matrix circuit arranged in a matrix shape, 
characterized in that the manufacturing method comprises a 
process for irradiating a laser beam of a linear shape having 
a longitudinal direction having an angle of 10° to 80° or -10° 
to -80° from a row or a column constituting the matrix to a 
semiconductor thin film constituting the active matrix circuit 
while the laser beam is scanned; and said process is performed 
plural times by changing the angle. 

[0032] in accordance with the above constructions, the 
dispersion of irradiation energy density within the laser beam 
can be further averaged. 

[0033] 

[Embodiments ] 

[Embodiment 1] A process example for manufacturing the 
liquid crystal display unit of an active matrix type is shown 
in this embodiment. Fig. 2 shows a manufacturing process of 
a thin film transistor shown in this embodiment. 

[00 34] Fig. 2 shows the manufacturing process of one thin 
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film transistor, but the thin film transistor shown in Fig. 

2 is really simultaneously manufactured with respect to each 

of pixels arranged in a matrix shape of several hundreds x 

several hundreds. 

[0035] As shown in Fig. 2 (A), a silicon oxide film is 

first formed as a base film 202 on a glass substrate 201 by 

a sputtering method such that this silicon oxide film has 3000 

A in thickness. 

[0036] Next, an amorphous silicon film 203 constituting 
an active layer of the thin film transistor later is formed 
by a pressure reduction thermal CVD method such that this 
amorphous silicon film 203 has 3 00 A in thickness. 

[0037] Thus, a state shown in Fig. 2(A) is obtained. 
After the amorphous silicon film 203 is formed, 
crystallization is performed by irradiating a laser beam. In 
this case, as shown in Fig. 1, a longitudinal direction of the 
laser beam 103 of a linear shape is determined such that this 
longitudinal direction is not parallel to a row or a column 
of the matrix shown by (X n , YJ as shown in Fig. 1. 

[0038] Namely, an angle shown by A is set such that this 
angle is not egual to 0° or 90°. The laser beam is then scanned 
and irradiated in a state in which the angle shown by A is held. 

[ 0039 ] concretely, in the maintaining state of the angle 
shown by A, a substrate 101 is moved in the direction of an 
arrow shown by 109 with respect to the laser beam 103. 
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[0040] When such a laser irradiating method is used, it 
is possible to set a state in which no irradiated areas shown 
by 105 to 108 and dispersed in irradiation energy density are 
parallel to a row or a column. 

[0041] A construction for promoting crystalline 
property by further irradiating the laser beam to the silicon 
film once providing the crystalline property thereto by 
heating may be also used. 

[0042] After the crystallization is performed by 
irradiating the laser beam and an unillustrated crystalline 
silicon film is obtained, this crystalline silicon film is 
patterned so that an active layer 204 of the thin film 
transistor is formed. Further, a silicon oxide film 205 
functioning as a gate insulating film is formed by the plasma 
CVD method such that this silicon oxide film 205 has 1000 A 
in thickness. Thus, a state shown in Fig. 2(B) is obtained. 

[0043] Next, an unillustrated aluminum film for 
constructing a gate electrode is formed by the sputtering 
method such that this aluminum film has 4000 A in thickness. 
A very small amount of scandium or yttrium to improve heat 
resisting property is included within this aluminum film. 

[ 0044 ] A pattern 206 as a prototype of the gate electrode 
shown in Fig. 2(C) is formed by patterning this aluminum film 
by using an unillustrated resist mask. 

[0045] Next, anodic oxidation is performed within an 
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electrolyte with the pattern 206 of aluminum as an anode so 
that an anode oxide film shown by 208 is formed. This anodic 
oxidation is performed within an ethylene glycol solution 
including 3 % of tartaric acid with platinum as a cathode. 

[0046] The anode oxide film 208 formed in this process 
has a porous shape. The anode oxide film 208 is formed such 
that this anode oxide film 208 has 5000 k in thickness. In 
this anodic oxidation process, the anode oxide film is 
selectively formed on a side face of the pattern 207 as the 
gate electrode in the relation of existence of the 
unillustrated resist mask. 

[0047] The unillustrated resist mask is next removed. 
The anodic oxidation is again performed by using a material 
in which the ethylene glycol solution including 3 % of tartaric 
acid as an electrolyte is neutralized by aqueous ammonia. 

[0048] In this process, the anode oxide film shown by 
209 and having a close film quality is formed. In this process, 
since the electrolyte enters the anode oxide film of the porous 
shape, the anode oxide film having the close film quality is 
formed as shown by 209 so as to cover a peripheral portion of 
the surface of the gate electrode 207. 

[ 0049] Thus, a state shown by Fig . 2(D) is obtained. Next, 
impurity ions are injected to form source and drain areas. 
Here, P (phosphorus) ions are injected to manufacture the thin 
film transistor of an N-channel type. 



12 



[0050] The P-ions are injected to areas 210 and 214 at 
high concentration by injecting these impurity ions. 

[0051] Next, the anode oxide film 20 8 of the porous shape 
is removed, and the P-ions are again injected. The p-ions are 
again injected in a condition of light dope in comparison with 
the first ion in j ecting condition. Low concentration impurity 
areas shown by 211 and 212 are formed by performing this light 
doping. 

[0052] After the injection of the ions is terminated, 
the injecting areas of the ions are annealed and the injected 
impurity ions are activated by irradiating a laser beam. 

[0053] This laser beam is irradiated by a method as shown 
in Fig. 1- 

[ 0054 J Thus , a state shown in Fig . 2(E) is obtained . Here , 
reference numerals 210, 211, 212, 213 and 214 respectively 
become a source area, a low concentration impurity area, a 
channel forming area, a low concentration impurity area (LDD 
area) and a drain area. 

[0055] Next, a silicon oxide film is formed as a first 
interlayer insulating film 215 by the plasma CVD method such 
that this silicon oxide film has 5000 A in thickness . A contact 
hole is then formed and a source electrode (source wiring) 216 
is formed. The source electrode 216 is constructed by a 
laminating film of a titanium film, an aluminum film and a 
titanium film. 
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[0056] Next, a second interlayer insulating film 217 is 
formed. A contact hole is then formed and a pixel electrode 
218 constructed by ITO is formed. Thus, the thin film 
transistor arranged in a pixel portion of the active matrix 
circuit is completed. 

[0057] [Embodiment 2] An irradiating state of the laser 
beam utilized in the embodiment of the invention disclosed in 
this specification is shown in this second embodiment. 

[0058] Fig. 3 shows a glass substrate 302 arranged on 
a moving stage 301, and an amorphous silicon film (or a silicon 
film to be annealed) 304 formed on the glass substrate 302. 

[0059] The laser beam of a linear shape is reflected on 
a mirror 306 and is irradiated to the amorphous silicon film 
303 moved in the direction of an arrow 3 07. 

[ 0060 ] [Embodiment 3] A manufacturing process of the thin 
film transistor of a reverse stagger type is shown in this 
embodiment. First, a silicon oxide film 602 is formed on a 
base film on a glass substrate 601 such that this silicon oxide 
film 602 has 3000 A in thickness. 

[0061] This silicon oxide film 602 is formed to correct 
the flatness of a substrate surface and further prevent the 
entry of impurities (the entry into an upper active layer) from 
the substrate. 

[0062] Next, a thin film constituting a gate electrode 
603 and formed by an unillustrated metallic material is formed 
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such that this thin film has 3000 A in thickness. Here, Mo 
(molybdenum) is utilized as the metallic material. 

[0063] The gate electrode 603 is formed by patterning 
the unillustrated metallic material thin film formed by 
molybdenum. The gate electrode 603 is formed by extension from 
gate wiring. Thus, a state shown in Fig. 4(A) is obtained. 

[0064] Next, a silicon oxide film 604 functioning as a 
gate insulating film is formed such that this silicon oxide 
film has 1000 A in thickness. 

[0065] Next, a silicon film constituting an active layer 
is formed. Here, an amorphous silicon film 605 is first formed 
by the plasma CVD method or the pressure reduction thermal CVD 
method such that this amorphous silicon film 605 has 500 A in 
thickness. Thus, a state shown in Fig. 4(B) is obtained. 

[0066] After the amorphous silicon film 605 is formed, 
the amorphous silicon film 605 is crystallized by irradiating 
the laser beam. A KrF excimer laser (248 nm in wavelength} 
is used as the laser beam. This laser beam is irradiated by 
a method as shown in Fig. 1. 

[0067] After the amorphous silicon film 605 is 
crystallized, this amorphous silicon film 605 is patterned so 
that an insular area shown by 606 is formed. The insular area 
606 becomes an active layer of the thin film transistor. 

[0068] Next, an unillustrated silicon nitride film is 
formed by the plasma CVD method such that this silicon nitride 
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film has 3000 A in thickness. This silicon nitride film is 
patterned and formed in a pattern shown by 607. This pattern 
607 becomes a mask for forming a source/drain area in self 
alignment (Fig. 4(C)). 

[0069] After a state shown in Fig. 4(C) is obtained, 
impurity ions are injected. Here, P (phosphorus) ions are 
injected to form the thin film transistor of an N-channel type. 
If the thin film transistor of a P-channel type is formed, B 
(boron) ions are injected. 

[0070] The P-ions are injected to areas shown by 608 and 
610 by injecting these impurity ions. No P-ions are injected 
to an area 609 since the mask pattern 607 becomes a mask (Fig. 
4(D) ) . 

[0071 ] A source area 608, a channel forming area 609 and 
a drain area 610 are formed in self alignment by injecting these 
impurity ions . 

[0072] After the above impurity ions are injected, the 
injected impurity ions are activated and an area (source/drain 
area) damaged by an impact of the injection of the impurity 
ions is annealed by irradiating the laser beam. This laser 
beam is irradiated by a method as shown in Fig. 1. 

[0073] Next, a source electrode 611 and a drain electrode 
612 are formed by a laminating film of a titanium film, an 
aluminum film and a titanium film. Thus, the thin film 
transistor of a reverse stagger type is completed (Fig. 4(E) ) . 
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[0074] [Embodiment 4] In this embodiment, the laser beam 
is irradiated as shown in Fig. 1 plural times by changing an 
angle shown by A, For example, when the laser beam is 
irradiated while two scanning operations are performed, A=3 0° 
is set in a first scanning operation and A=-30° is set in a 
second scanning operation. Thus, it is possible to restrain 
the generation of a stripe pattern in display caused by the 
ununiformity of an anneal effect. 

[0075] 

[Advantage of the Invention] The display of the stripe 
pattern generated in a forming case of the active matrix circuit 
utilizing a laser process can be restrained by utilizing the 
invention disclosed in this specification. 
[Brief Description of the Drawings] 

Fig. 1 is a view showing an irradiating method of a laser 

beam. 

Fig. 2 is a view showing a manufacturing process of a 
thin film transistor. 

Fig. 3 is a view showing an irradiating state of the laser 

beam. 

Fig. 4 is a view showing a manufacturing process of the 
thin film transistor. 

[Description of the Reference Numerals and Signs] 

101 glass substrate 

102 active matrix area 



17 



103 laser beam of linear shape 

104 area for arranging thin film transistor 

105 to 108 one portion of area irradiated by laser beam of 
linear shape 

109 relative moving direction of substrate and laser beam 

201 glass substrate 

202 base film (silicon oxide film) 

203 amorphous silicon film 

204 active layer formed by crystalline silicon film 

205 gate insulating film (silicon oxide film) 

206 pattern of aluminum film as a base of gate electrode 

207 gate electrode 

208 anode oxide film of porous shape 

209 anode oxide film having close film quality 

210 source area 

211 low concentration impurity area 

212 channel forming area 

213 low concentration impurity area (LDD area) 

214 drain area 

215 first interlayer insulating film (silicon oxide film) 

216 source electrode (source wiring) 

217 second interlayer insulating film (silicon oxide film) 

218 pixel electrode ( I TO electrode) 
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DRAWINGS 
FIG. 2 

Is—V—ViWM LASER BEAM IRRADIATION 
^Wtifi-i ^">ii A IMPURITY ION INJECTION 
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